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Abstract 
Vibration tests are used to identify the elasticity modulus in two directions. This strategy is applied to composite 
materials glass / polyester. Experimental results made on a specimen in free vibration showed the efficiency of this 
method. Obtained results were validated by a comparison to results stemming from static tests. 
© 2013 Published by Elsevier Ltd.  
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1. Introduction 
Development and new technological practices are accompanied by a fast change of structures using 
new generations of materials. This modern technology requires materials that are at the same moment 
stiff, resistant, light and especially adaptable to specific uses. The idea of building materials to meet a 
given requirement favored the emergence of a composite solution. With the interesting mechanical 
properties which they offer, composite materials continue to evolve towards products which are more and 
more successful in different domains of industry as aeronautics and the automobile industry.  But a big 
challenge is the determination of their mechanical properties for lack of the exact behavior laws.  Hence, 
it is important on the one hand to have the best possible knowledge of these materials so as to be able to 
follow every change of their properties and as a consequence their influence on the behavior of the 
structure.  Therefore the determination of the mechanical properties of composite materials is important 
for the optimization of the conception, the quality control and the detection of damage. 
Generally, several tests of static are required to measure the elasticity constants [1]. At present, it is 
possible that these characteristics of the material can be obtained by non-destructive methods where 
measurement is based on the vibratory behavior of the building material. 
The majority of these vibratory experimental methods used physical and non-destructive procedures 
[2]. They became, afterward, practical tools to meet certain requirement of reliability. An important 
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bibliography on the use of non-destructive methods is presented in Scott's works [3]. During the last 
decades, the use of the data of a test of vibration received a particular attention [4,5]. 
Studies in this domain seem to be much accelerated [6] and possess a very rich and diversified 
bibliography. The vibration tests are used with the aim of identifying modal parameters to estimate the 
mechanical properties of a material [7-8].  Adam et al used afterward vibration as a means in several 
works to study the behavior of structures [6], [9-11]. They showed through a bibliographical search, the 
efficiency of the vibration methods as a non-destructive means of testing [12]. 
This latter is attributed to changes in mechanical properties, changes in the parameters of structural 
vibration. It encouraged the use of vibration methods.  The reasons which are behind this attractive 
peculiarity of the technique are that: natural frequencies can be measured suitably and exactly from the 
data of a vibration test.  Natural frequency presents a global property of the structure and its measurement 
can be taken in a single point of the structure. Experimentally, a sensor placed on a structure and 
connected to a frequency analyzer allows determine of several natural frequencies of the structure [13]. 
In this paper a vibration method is used to characterize experimentally a composite structure following 
two directions. Once the values of natural frequencies are measured experimentally, they are introduced in 
a BERNOULIER EULER analytical formulation [14-16] to identify the elasticity constants. In order to 
assess the efficiency of the approach, the results found will be confronted with results given by static tests 
made on the same structure [17]. 
2. Experimental procedure 
Figure 1, shows the apparatus used to perform the vibration tests. It consists of an accelerometer, an 
impact hammer and a bi canal signal analyser (type 2035) for the acquisition of the data. The impact 
hammer (type 8202) is connected to the first input in order to identify the excitation; however the 
accelerometer which is fixed on the specimen receives the signal through the other channel which 
measures the response of the structure by Frequency Response Function (FRF). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Overall set up of testing (free-free condition) 
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Since generally two boundary conditions (cantilever and free-free) were found in the literature these 
were used for validation purposes. In order to minimize the errors of the experimentally simulation of 
boundary condition, the beam is suspend with a very flexible string (free-free) [13] as shown in Fig 2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Experimental simulation of the free- free boundary condition  
The tested beam is elaborated from a composite material (glass /polyester) with eight layers. The volume 
fraction (Vf) is 35%, the density ȡ = 1355Kg/m³. The dimensions of the beams are for free-free 
(545x39.5x4.2) mm3. 
 
Fig. 3. Geometry of the beam specimen 
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3. Operating mode 
The test tube is weighed and measured to determine the density of the building material. Once the 
structure installed in its suited assembly (Fig 2.). Excitements points have been clear to measure the 
'FRF'. The accelerometer is positioned on a point to avoid a vibration node of the first three modes 
identified in advance by a prospective numerical study. The assembly use is simple to insure a careful 
rehearsal of the tests. 
x Each time the beam is incited, we check  the spectrum and the peaks of the obtained frequencies which 
must be clear and different . 
x Measurement is often repeated several times to check the results obtained by the general assembly of 
the shown test (Fig 1.). 
4. Results and discussion 
Each time the beam is incited to one of two directions, longitudinal vibration following direction 'x' 
and transversal vibration following direction 'y' (Fig 3.), responses in frequency of the structure are 
treated and presented with spectra (Fig 4. and Fig 5.), and summarized in tables 1 and 2. 
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Fig. 4. Spectral of frequency longitudinal vibration 'x' 
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Fig. 5. Spectral of frequency transversal vibration 'y' 
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Table 1. Measured natural frequency in longitudinal vibration 'x' 
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Table 2. Measured natural frequency in transversal vibration 'y' 
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Under Bernoulli's hypotheses and in the context of small deformations, the solutions of the equations 
of natural frequencies are:  
4.1. Longitudinal vibration: [1-3]  
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4.2. Transversal vibration of the beam in the plan X-Y : [1,2] 
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These equations allows: Once frequencies are determined (see table 1 and 2), to identify the elasticity 
modulus. 
 
Table 3. Comparison of identified material properties experimental (dynamic-static) 
 
Mode No. Frequency (Hz) 
01 2548 
02 5152 
03 7824 
Mode No. Frequency (Hz) 
01 37 
02 105 
03 207 
 Dynamic Characterization Static Characterization 
Module of elasticity E1 E2 E 
Value  (GPa) 10.4 8.8 9.2 
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According to the results presented of the table (3) one can evaluated the Young's modulus by this 
nondestructive vibration method. 
Difference between values E1, E2 obtained experimentally by this method, and value obtained by the 
static attempts which is of the order of (4 in 11 %), is due to the experimentation errors and the 
experimental simulation of boundary conditions [13] 
Whereas distance among E1 and E2 who is of the order 4 %, is often due to the implementation of 
composite materials (distribution of fibers and the geometry of the sample in two directions). The origin 
of our test specimen made from a structure where the distribution of fibers is unpredictable. 
5. Conclusion 
This paper presents a vibration experimental method necessary for the determination of the mechanical 
characteristics of the studied structure. This technique allowed to determine the two Young modulus E1, 
E2 by the consideration of longitudinal vibrations according to the direction x and transversal vibration 
according to the directions y. Several questions remain still to deal with in this domain of characterization 
of the composite materials. 
This domain remains much opened to scientific research. This work has been able to set up a method 
of non- destructive characterization for this type of materials. But, a particular attention must be granted 
to the experimental protocols to minimize errors able to disrupt final results to be considered to identify 
this type of materials. 
References 
[1] G.-L. Qian, Suong, V. Hoa, X. Xiao, A vibration method for measuring mechanical properties of composite, theory and 
experiment Composite Structures, Elsevier Science Ltd, 1997, Vol. 39, No. l-2, pp. 31-38.  
[2] Encyclopedia of Materials: Science and Technology, Nondestructive Testing and Evaluation: Overview, Elsevier Science 
Ltd, 2001, pp. 6177±6185. 
[3] I.G. Scott, C.M. Scala, A review of non-destructive testingof composite materials, NDT INTERNATIONAL, APRIL 1982 
[4] J.-T. Kim, Crack detection in beam-type structures using frequency data, Journal of Sound and Vibration (2003) 259(1), 
145–160 (100). 
[5] D. Liu, H. Gurgencia, M. Veidt, Crack detection in hollow section structures through coupled response measurements, 
Journal of Sound and Vibration 261 (2003) 17–29 (101). 
[6] Adams, R. D. Cawley, P. Pye, C. J. Stone, A vibration technique for nondestructively assessing the integrity of structures”. 
Journal of Mechanical Engineering Science,1978, vol. 20, Apr., p. 93-100. 
[7] Brownjohn, J. M. W. Steele, G. H. Cawley, P. Adams, Errors in mechanical impedance data obtained with impedance 
heads, J. Sound and Vibration, 1980, Vol 73, pp461-468. 
[8] M. Palacz, M. Krawczuk, Vibration parameters for damage detection in structures, Journal of Sound and vibration (2002) 
249(5), 999-1010.(127).  
[9] P. Cawley, R. D. Adams, The predicted and experimental natural modes of free free CFRP plate,  J. Composite Materials, 
1978, Vol 12, pp336-347. 
[10]  P. Cawley, R. D. Adams, The location of defects in structures from measurements of natural frequencies.  J. Strain 
Analysis, 1979, Vol 14, pp49-57. 
[11]  P. Cawley, R. D. Adams, A vibration technique for non-destructive testing of fibre.  
[12]  Frederick, A. Justagosto, Damage detection based on the geometricinterpretation of eigenvalue problem, 1997 Virginia 
polytechnic institute Composite Structures, J. Composite Materials, 1979, Vol 13, pp161-175. 
814   Abdeldjebar Rabiâ et al. /  Energy Procedia  36 ( 2013 )  808 – 814 
[13]  Labbaci, O. Rahmani, M. Djermane, D. Boutchicha, L. Missoum,  R. Abdeldjebar, A Study of the effect of the simulation 
of the boundary condition on the dynamic response of composite structures, Journal of applied sciences, 2008, ISSN 1812-
5654. 
[14]  J. M. Berthelot, Matériaux composites comportement mécanique et analyse des structures, Tec et Doc, 3éme édition, 1999.  
[15]  Ronald, F. Gibson, Principles of composite material mechanics, Hill International Editions, 2nd edition, 1994.  
[16]  C. Gérard, Dynamique linéaire des poutres droites dans le plan, Fascicule 9,  LMSP, ENSAM, 75013 PARIS, France.  
[17]  B.Labbaci. Approche expérimentale et numérique pour l’étude de l’influence des défauts sur le comportement modale des 
structures composites, Soutenue le 2008 ORAN, Algérie. 
